Tartary buckwheat is targeted as a healthy food because its food contains large amounts of polyphenols such as rutin and quercetin, especially. Quercetin is a substrate for POX activity, which sometimes plays important roles for quality changes in foods. Therefore, to obtain a basic understanding of the roles of Tartary buckwheat POX, we purified and characterized POX in Tartary buckwheat seeds. POX was purified (76.7 fold, final yield 4.77%). Tartary buckwheat seeds bore a single major POX (MW 46.8 kDa). Kinetic studies revealed that POX had lower K m values for quercetin (0.32 mM) and o-dianisidine (0.316 mM) than for ABTS (1.86 mM) and guaiacol (0.958 mM) . POX showed greater activity under acidic pH conditions. Optimum pH of POX was the same pH as Tartary buckwheat dough. In addition, optimum temperature was around 20℃, corresponding to the temperature where dough is usually handled. Therefore, POX in Tartary buckwheat may play an important role in quality changes in food.
Introduction
Plant peroxidase (EC 1.11.1.7; POX), widely distributed in higher plants ( Van et al., 1982) , is involved in a variety of physiological functions: cell elongation (Ahmed et al., 1995) , defense mechanisms (Bradley et al., 1992; Kolattukudy, Mohan et al., 1992) and lignification (Blee et al., 2003) . POX also plays an important role in food quality, particularly with regard to deterioration of color and flavor (Ashie et al., 1996) . Primary contributors to undesirable 'beany' and 'green' flavors in soybean (Glycine max Merr.), aldehydes and ketones are mainly generated through lipid peroxidation. Their presence has been linked to the activity of enzymes such as lipoxygenase (EC 1, 13, 11, 12) and POX (Matoba et al., 1975; Matoba et al., 1985; Anli et al., 2004) . POX also plays an important role in the deterioration of flavor and taste in butterbur [Petasites japonicas Maxim.] (Ibaraki et al., 1988; Ibaraki et al., 1989) .
Common buckwheat (Fagopyrum esculentum Moench) is considered a healthy food. In Japan, buckwheat flour is used mainly for making noodles, and its flavor and color are important factors in its quality. Buckwheat flour's rapid deterioration (Muramatsu et al., 1986) has been linked to enzymatic activities (Kondo et al., 1982; Ohinata et al., 1997; Suzuki et al., 2005) . Partially characterizing POX from F. esculentum seeds, Kondo (1982) suggested that POX influenced the oxidation of flavonoids in such seeds. In purifying and characterizing POX activity extracted from F. esculentum seeds, Suzuki et al. (Suzuk et al., 2006) showed this activity to be associated with at least two isozymes, both capable of catalysis at temperatures approaching 0℃. They further demonstrated these enzymes to have a lower K m for quercetin than for other phenolic compounds such as guaiacol. As with lipase, POX activity has been significantly correlated with lipid deterioration in F. esculentum flour during storage Suzuki et al., 2006) . Tartary buckwheat (F. tataricum Gaertner) is also known to be a useful food because it contains about 100 times more rutin in its seed than common buckwheat (Suzuki et al., 2002; . Tartary buckwheat seeds also To investigate the enzyme's optimal pH, F. tataricum POX activity at 22℃, with quercetin, ABTS and guaiacol respectively as substrates, was determined at different pHs: 2.0 (200 mM glycine -HCl buffer), 3.0 to 4.0 (200 mM citrate -LiOH buffer), 5.0 to 6.0 (200 mM acetate -LiOH buffer), 7.0 (200 mM imidazole -LiOH buffer), 8.0 (200 mM tris -HCl buffer), or 9.0 to 10.0 (200 mM borate -LiOH buffer). To investigate pH stability of POX, the enzyme solution was incubated for 4 h at different pHs in the above mentioned buffers, and POX activity then determined using guaiacol as a substrate after addition of 500 mM acetate -LiOH buffer (pH 5.5) to adjust the pH of the reaction buffer to 5.5. To assess thermal stability, the enzyme solution was incubated for 4 hr at temperatures ranging from 0℃ to 80℃ prior to an assay of POX activity at 22℃ using guaiacol as substrate. The K m values were determined by Lineweaver-Burk plots at different concentrations of each substrate.
Protein determinations Total soluble protein concentrations were measured using a DC protein assay kit (Bio-Rad, USA) using BSA as a standard protein.
Estimation of molecular weight of F. tataricum POX Gel filtration for molecular estimation was carried out using the purified POX. Purified POX was loaded onto a Sephacryl S-200 column (2.4 × 66 cm, Amersham Pharmacia Biotech) equilibrated with buffer A. The molecular weight was determined using a standard curve of elution volume vs. logMW derived from standard proteins.
Results and Discussion
Species differences of POX A comparison of seed POX activities in F. tataricum and F. esculentum genetic resources/varieties (Table 1) shows that POX activity in F. tataricum seeds was an order of magnitude greater than that in F. esculentum seeds. For F. tataricum seeds, POX activity with guaiacol as substrate ranged from 47.5 to 87.3 A490 min -1 g -1 (f.w.), but was only 0.3 to 6.1 A490 min -1 g -1 (f.w.) for F. esculentum seeds. This suggests that seed POX activity in F. tataricum may serve different roles than seed POX in F. esculentum. Therefore, we purified the F. tataricum seed POX-containing fraction and characterized it to obtain more information about F. tataricum POX.
Purification of POX F. tataricum POX was purified (76.7 fold, final yield 4.77%) by concentration, ion-exchange chromatography and gel-filtration (Table 2 ). The flow through fractions from CM-Sepharose did not contain any detectable POX activity. On the other hand, at the CM-Sepharose step, two peaks indicating POX activity were eluted, one strong and another weak, as in F. esculentum (Suzuki et al., 2006) , F. tataricum seed POX activity consisted of at least two isozymes. Although we found two POX peaks, we contains large amount of rutinosidase activity; therefore rutin in Tartary buckwheat flour is easily hydrolyzed to functional flavonoid quercetin (Yasuda et al., 1994; Suzuki et al., 2002) . However, its flour deteriorates easily, and, as with F. esculentum flour, POX may have an important role in this process. Therefore, to obtain a basic understanding of the roles of F. tataricum POX activity in seeds, we purified and characterized POX from F. tataricum seeds.
Materials and Methods
Plant materials F. tataricum and F. esculentum genetic resources/varieties were grown in an experimental field at the National Agricultural Research Center for the Hokkaido Region, Memuro, Hokkaido, Japan (latitude: 42°53´, longitude: 143°03´). F. tataricum and F. esculentum seeds were sown early in June and harvested in late August in 2008. Harvested seeds were dried, threshed and stored at 4℃ until used for experiments.
Assay of in vitro POX activity POX activities were assayed by modification of the procedure described by Suzuki (Suzuki, et al., 2006) . POX activities were determined at 22℃ by measuring the initial rate of decrease in absorbance at 370 nm (quercetin) or the increase in absorbance at 430 nm (o-dianisidine), 415 nm (ABTS; 2,2'-azino-bis-(3ethylthiazoline-6-sulfonate)), and 490 nm (guaiacol). The assay mixture contained 200 mM buffer (at the optimal pH for POX activity for each substrate), 3 mM H 2 O 2 , substrate (2 mM quercetin, 12 mM o-dianisidine, 10 mM ABTS, or 15 mM guaiacol) and 10 μL of enzyme solution in a total volume of 200 μL.
Purification of F. tataricum POX Following the removal of panicles, F. tataricum seeds were milled. Tartary buckwheat flour (100 g fresh weight) was homogenized with 1000 mL of buffer A (50 mM acetate-LiOH buffer, pH 5.5) for about 1 h. A crude enzyme solution was obtained by centrifugation and then precipitated by 0 − 80% saturation with solid (NH 4 ) 2 SO 4 . The precipitate was dissolved in buffer A and dialyzed overnight against buffer A. The dialyzed enzyme solution was applied to a CM-Sepharose column (24 × 115 mm, GE Healthcare Japan, Tokyo, Japan) equilibrated with buffer A. The POX was eluted using a linear 600 ml gradient of 50 to 400 mM LiCl in buffer A. Active fractions were collected and loaded onto a Sephacryl S-200 column (24 × 66 mm, GE Healthcare Japan, Tokyo, Japan) equilibrated with buffer A. Active fractions were collected and stored at −30℃. In each purification step, POX activity was measured using guaiacol as substrate. All of the above steps were carried out at 4℃.
Determination of optimal pH, pH stability, optimal temperature, thermal stability and K m value of F. tataricum POX tataricum POX K m values for various substrates (data not shown), showed its K m for guaiacol (0.958 mM) to be far lower than that of isoperoxidase PC3 from P. graveolens (7.3 mM; Seok et al., 2001) or that of a neutral peroxidase isozyme from Brassica napus L. (3.7 mM; Duarte-Vazquez et al., 2001) . F. tataricum POX's K m value for ABTS (1.86 mM) was higher than that of a neutral peroxidase isozyme from B. napus (0.7 mM; Duarte-Vazquez et al., 2001) , while for o-dianisidine (0.316 mM) it was similar to the K m of isoperoxidase PC3 from P. graveolens (0.31 mM; Seok et al., 2001 ). Among the substrates tested, F. tataricum POX showed its lowest K m value for quercetin and o-dianisidine. Quercetin is one of the major phenolic compounds in F. tataricum seeds. Given that several reports have shown that POX, along with phenolic compounds such as quercetin, play an important role in enzymatic browning (Kondo et al., 1982; Francisco et al., 2001) , F. tataricum POX may be implicated in color change of buckwheat noodles. While for every substrate tested F. tataricum POX's K m values were higher than corresponding ones for F. esculentum POX, the greater quantity of POX activity in F. tataricum may balance the lesser specificity of its POX.
Optimal pH, pH stability, optimum temperature and thermal stability of POX The optimum pH of F. tataricum POX was investigated using quercetin, ABTS and guaiacol as substrates (Table 3) . For quercetin and guaiacol, the optimum pH was 6.0, though high activity was observed at pH 4.0, 5.0 and 6.0. Although F. tataricum POX was active on guaiacol over a pH range of 2.0 to 10.0, for quercetin its activity did not extend above pH 7.0.
The optimum pH for ABTS was pH 2.0, and activity gradually decreased with an increase of pH. Comparatively, the pH optima for F. esculentum POX activity are pH 8.0 for POXI, and pH 4.5 for POXII with quercetin as substrate. In addition, the pH optima for F. esculentum POX activity are pH 3.0 for POXII, and undetectable for POXI with ABTS as substrate (Suzuki et al., 2006) . This indicates that F. tataricum seed POX had a similar pH optima as F. esculentum seed POXII, which is a major POX isozyme in this species.
purified only the one with the strong POX activity, as the other activity peak was too weak to purify. The molecular weight of F. tataricum seed POX from the major peak was estimated at 46.8 ± 1.1 kDa (n = 3), similar to that of POXI (46.1 kD), a POX isozyme showing trace activity in F. esculentum seeds (Suzuki et al., 2006) . These molecular weights were also similar to those reported for POX in scented geranium (Pelargonium graveolens; Seok et al., 2001) and oil palm (Elaies guineensis; Sakharov et al., 2000) . On the other hand, the molecular weight of POXII, the major POX isozyme in F. esculentum seed, is 58.1 kDa. These data indicate that the molecular weight of the major active POX fraction in F. esculentum and F. tataricum are quite different, suggesting that their characteristics may differ significantly.
Kinetic constants of POX The determination of F.
Peroxidase in Tartary Buckwheat Seed rutin (quercetin 3-rutinoside) and isoquercitrin (quercetin 3-glucoside) are localized in the embryo (Suzuki et al., 2002) . The same is the case in F. tataricum seeds, where the majority of POX activity is also localized in the embryo. Quercetin, generated from rutin by hydrolysis (Suzuki et al., 2002; Yasuda, et al., 1994) , serves as a substrate for peroxidase-dependent oxidation of quercetin to the anti-fungal agent 3,4-dihydroxybenzoic acid (Takahama et al., 2000) . Based on our results, we propose that when quercetin is used as a substrate, POX activity in F. tataricum seeds or flour may have a role in the generation of an anti-fungal agent along with antioxidant activity. To clarify the role of POX in F. tataricum seeds, further studies should investigate if there exists a clear relationship between the quality of F. tataricum products and the seeds' POX activity.
The pH stability of F. tataricum POX was greatest at pH 6.0, and diminished at increasing and decreasing pH values. This indicates that to purify F. tataricum seed POX, pH 5.5 is appropriate in terms of enzyme stability. With guaiacol as substrate, F. tataricum seed POX showed activity between 0℃ and 50℃, but none above 60℃ (Table 4 ). While its optimal temperature was 20℃, its activity at 0℃ and 10℃ was roughly halved. These characteristics were similar to those of POXI in F. esculentum seed. However F. tataricum POX was more stable at high temperatures than F. esculentum POXI or POXII. F. tataricum POX was stable from 0℃ to 40℃, and retained activity when kept at 60℃ for 4 h (Table 4 ). On the other hand, F. esculentum POXI and POXII were unstable above 40℃ and quickly lost activity at 60℃ (Suzuki et al., 2006) . F. tataricum seed POX clearly has unique characteristics compared to F. esculentum POXs, as well as those of other plant species. In F. esculentum seeds, most of the quercetin, t. suzuKi et al. N.D. 15 ± 2.2 ab N.D. 23 ± 1.0 e 10.0 N.D. 21 ± 3.9 ab N.D. 6 ± 0.7 a 1) Guaiacol and quercetin; pH 6.0 = 100, ABTS; pH 2.0 = 100 Data are means ± S.D. (n = 3), N.D.; not detectable Different alphabets within column indicate significant difference between means using Ryan's test at p = 0.05 Table 4 . Optimum temperature and thermal stability of POX.
℃ optimum temperature 1) thermal stability 2) 0 40 ± 1.5 ab 93 ± 1.1 a 10 57 ± 2.3 b 100 ± 2.9 a 20 100 ± 9.7 c 98 ± 3.6 a 30 48 ± 8.1 ab 95 ± 4.2 a 40 32 ± 2.5 a 89 ± 6.5 a 50 11 ± 0.7 d 75 ± 3. ; not detectable Guaiacol is used as a substrate Different alphabets within column indicate significant difference between means using Ryan's test at p = 0.05
